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In tho rsssent.dow high-nover tranemitter employing plate modulation,
the quality and, to & conaldarahle axtent, the power cherscteriatics
are hymmemm.,muy,mmmmuudote
miltistage pushepnll audio-froquency amplifier, tho last stage of vhioch
s ths modulater, vhich works in a-Cluse B systen using very high voltages
and ourrente in the tubss. The medulation eyston embraces a foadback
Waym consiating of the primary circuit of the output or modulation
(.

liany quastions concerning the theory, the schematic layout, and
ties of the system bave already boen danlt with provivusiy
"9/, In the scurse of recent rracticsl work on the conatruction and
Tegulation of lighlovel modulation systems, many of these questions
~ have Tecoived furtber attemtion., Rew problams also amse, pecessitating
the introsuotion of a awmber of changea in the layout of inddvidual
stagcoe m:ummgimamotmorm constructional
pobiane ip the rrecemt-day modulation aygten. ’
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. TAWS POL SUPRESSION ¥ JTRATROY OSCILIATION IN THE
v RODULIS G 1S GAID CIRCUIT

It 3e kmewm that the prasence of o dowmvard drop in the dynamic
chargeteristic evrve of the grid current of modulation tubss 1z the
cange of parasitic dvnstrop oscillation. It originates in the Gynamic
systen, and lasts during that rart of thc voltego-amplificstdon perdod
when its instentaneous valuss run inte the domward bend of tho curvd.
1n this cese, the frecuency of pavasitic cscillatione is equal to the
fundamentel fregusncy of the grid oircult vhich is deternined by the
parapitic capacity of the systom, the distvibuted ipductance, aré tho
ddstributed capacity of the submodulsticn [ ériver / transfermer.

To climinate the posaibility of dynstven oscillation it wos )
necossary that the resistaence in the modulator grid cirew’t a% absolute
resomance {requency was leas than the equivalent negative welstancs of )
the spaco botween tho grid eircuit and the tubs Tilament in ths zone of

- the drop An the curvs. . e . . . )

Thic wes previously achieved by tvio mothodat

1. The oecondary winding of the submodulator tranoformer wes shunted
(in each arm) wiith & cmall achive rosigtance.. Howsver, although the drop
in the dynemic characteristic off tho grid eircuit i comparatively emoll
in extent, 1t may have a very largs grid-plate transconductance (for tubs
G-433 in particular, it reachss 2.~ 5 mA/g). Linsequently, a8 very low
vesistence ghunt i roguired, vnich grently increases the subuwdulator loade. -
74 thercfors follows that this methed 1s irrational. : i

2, The space batueen the grid circuit and tne filament of the
wodulator tube ie shunted with on antidynatronmic kenotron. The egquivalent
contuctivity of tie kenotren is oqual to ghe grid~-plate transconductence
of the modulator tube. In pravtice, triodes are frocuently used, with -
the grid end onods dexmacted togother. Tho totel tube ourrent in this
connection (1.0., where o, = ay ) is determined Uy tho equation,

k|

(o= Shy Dl €)= Slieol, - 5]

vhore E 4 ‘ = DEgpa(fiyq 18 the driver-plato voltage).

: ﬁ_) -

" The equimalent. tube resistance will be

=1 _ - R

LT S0 #0) T 1ra

d
$.00y (1 + ) of i‘ns_iut@mal resictanco in the triods commeotion.

. It i nbviows that tho snmting affact of the antidynatronic kono~
toon 18 wost affcctive vhen the section of groatest trengsondictance of
ita. chuzeoteri=3ic cwmve conforns with tho drryp in $the grid-cirvent
chavecteriatic. The kenutrom's iilateral conductivity and the linited
value of ibs setumation current are fevoratle fastors hare, becausc they
reduce the cnergy vhich it roquires outaidc the dyne Io
rractice, however, the cheractarictic of the kenotron
ths begimning of the coordirate than is the drop in the modulator'e
grid ourrent, ané the lstier cen Yo said to correspond to the kcnotronis
saturation rono where the transconductunce 1¢ extremoly smell (Fimure 1).
Conscquently, it was necessary to increcse the filemond [Foltege/in the
kenotrons und to resort to irecludiug soveral tubes in parallel.
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i Tor enbtidgmatzonie wnlwes it vag intanded to use cooper-oxide
rectifiors vhose cdvanteges included a large transsonductance and ‘the

_ absence of a filument. However, it toe not possible to use coprer oxide
bocause the absence of seturation in 1t meont that the peak of the total
current in the grid olreuit was sharply raised, end consequently the
load on the modulator was increased. ’

As on antidynatronic measirre, 5. V. Person rroposed an active low -
ropictance ehunt, snd the inclusion in serdes with it of s reactsnce with
a emall impedance in the froquency zome of probable oscilletion mnd with a
sufficiently large impedsnce in the fundamental band of ths amplified
froquenocies E. Such en arrengement would naturally only be used
whore the resopsnce frequency of the grid circuit lies ouvside this
C.ndaneptel bend. Thus, for examplo, if the resonance frequency lies
beyond its uppor limit, a oufficiently small capacitive load would
bave t0 be included in serdes with the active chunt wev gtancs (Figure 2).

It is evident that such an antidynotronic shunt would not absorb a
lorgs amount of povsr (the further the frequensy of possible oscilletion
from tho amnlified band, the emaller it would be), It should be noted
that if the rescnance resistance of tho modwiatorts grid eircult i3 largs,
the ultrpsonie /alg/ hsrmonicc of the grid cwrent reuchirg it may have
very lavge amplituces (consiuersbly exceeding the axcitation awplitude
at the Pundamentel froquency). Tie use of the shunmt, which greatly
Jowers the Tesonsnce impodancs, reduces the danger of aro-overs and increaac
the stebility. of the modulation system’s operation. .

The efficdensy of tho lemotron's antiperasitic action can &lso be -
increesed if its choracteristic is moved to the right, thus osusing iV
to operatés with the minimum angle of intersection (Figure 1, dot
owrve). To achieve this, a supplementary negative grid bioe, automatio

. and using intornel current, should be applisd' to the kenotron's plate
(Figure 3a). In cases where a triode is used as an ant’ dynatronic tube,
‘ the grid bias cen, sccorddng to W, G. Feuzleow'c sugzestion, be obtained
&wﬂna the- currant of ome grid, for Which-purpose the avtomatic grid
@ cin b insluded betteen the plates and the grid (Figurs 3b).
In thie vsse, the antidynstronic tube’s instentaneous voltege waluo at
%he grid will bes . ‘

% =% ~ g ,

whors By = R3,. (R, 1o the awtosatic grid blas! resistence; I

s
a* X . =
tho comstant eonmng of the antidynatronic tube's goid currant?..
Similerly, for the tube's total curreni wo ged :

: . [ £ . o E .
c,_=5(/+0)h - Zae _’_%,] s 1)

A comparison of thl exyression with ecuation {1} shves teat thy
cf a supplementary grid bias between the grid snd the
. plate transfors the equivalent diode's ctoristic to a gone of
eveater positive potertials at its plate; the slope of the characteristic
warve is not al . The equation for a family of ideal grid-current
characteristics oan bo usod in the calculation of the grid Wles Epgy ¢ ¢

{,’; ,S(A.), *fp b —£,.)’ . (}) .
-3 ' ‘
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vhele /“;— = 'S'Jf for a concton® ig. Tho instantaneovs voltage at the
 entidynatron tubo plate is showmn by :

2, =Em#c055?c +£,,

where Upg ond Eg are, respectivoly, the excitation emplitude of the
modulator tube, and.1ts grid bias. Heving ecteblished the walue of oy
in equation (3) and eonsiderirg thot o, = o Fge » U3 geb a eyster of
twe transcondontal equatidons n vhich o Pano-miCare Eag end €g,

‘ E orbo, £, '
cos@, = L2 Ty Ly G)
: 4 (/T/‘;)E,.,, tmf :

am ‘ .
E“?’:‘S('r/bry)fiw Em;: quﬂw(’“(‘))’e%»)t | (5)
@ ¢ P : S PRy . P .

: Here, O, is tho angle of jntarsccvtion of the grid-current impulse;
Qo = F(04) 35 the coeificiont uf tho conslant componont of this
dmpuicia,. - THe nolution of this systom of equations can be obtained grayhi~
enlly. : ' P

Bquation (3), und consequently aisc the caleulatlon of Eego js true if
. -E . . - . . *
. o -bye o ' . S
Aﬂ. max < -(‘r y <y E:.., <t me +E))(’ +/‘/‘) f o .

The timo constant of the awtomatic grié-biap circuit st satisfy ¢he
ratio, . . ;
c, A

YA

vhere FH is the lowest modulating frequency.
Only the grid ourrent of the antldynatrooic tube, whick 13 less than 1/3
of 4ta total owrrert, flown throush the grid-blas resistance in ihe layout
desoribed sbhave, end therofore this resistonce must be laprgay than it ie
vhen 1t 18 dncinded directly in the plate drcuit (Figure 3z); sinmilarly,
the capacity C, can he reduced. The possibility & making & subsiantial
" reduction of tgia capacity is ome of tho cdvantages of this layout,

, o
LR

In practice, when constructing a high-lcvel modulation system aon-
taining two G-433 tubes &n ecach axm, the most effective wuy o combat
antidynetronic oscillation is to introduce a cepacity-resistance ahunt
and en antidymotronis tube with s suprlementery gricé blas ifito the
¢ciroxit hotwoon the grid end wie plate., Tae frequency of dynsiron

- osefllation §0 this layout lles 1n e 20 = 40-ko bapd.

Yo osoillorraphis reprogentation of the wodulutorts grid-current
impulses at diffurent signel levels (i.c., different modulation co-
officiemts) is eshowa i Figure 8. ,

The use of o purely active chuat wes nuite impossible oving to the
submodulator *a heavy overlcad. Them wsing eimpie antidymetronic kemotrons,

four B-8-£0C tuben (or =600 in a diode conncotion) with an increased
filement wultage (up to 20-20.5 v) should be included in the arm in ordsr

-4 -
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t . waduce. oncillation.. The inclusion of & shunt, formed in each arm by a
serles reelstance of 250 ohms and e capacity ol 0.0 .k, perulited the voton-
tion ip the arm of twp M-60C tubes with a filament yoltage of 18.5 - 19 v.

The impnlse dlegram for the total grid ourrent (togetber with the carvent is
the antidyumtronlc tubes) whioh conforms nith this cass i chawvn in Flgure bb.
Eventually, when the automatic grid bias cirouit {vith a resiatasce of 30,000
ommp and u apacity of buF) wvas fncluded between the erid and each M-60C tube,
1t was possible to redisce the fllament voltage of these tubes to 17 v. The
grid-ourrent impulee took the form shovp in Figure lc.

It chonld be noted that vhen the gas [8ig/ lu the modalator tube 18
ignited, & large part of the plate voltage ie applied to the grid. Ao air dis-
oharger [:'Lg] 1e lncluded in parallel with the space between the grid asd the
aodulator-tube f£ilamsnt in order to protect the apparatue. Hovever, in mormal
sperating conditions, the jreciss regulation of a diecharger to IC voltages of
the magnitude of soveral kilovolts is gifficult, and thorefors a tube with a
nigh electrical etability shoyld be used ac an entidynatronic measura. The
slestrical etabilliy of the component earts of the grid cirecuidv should lot be
iower than the plate supply voltags.

I11. PHASE COMPENSATIOR IN A SUBMODULATION TRANSFOPMER . .

. It $e kpown that in order Lo cnsuxe a deep and steblc fezibagk over a
bruad frequency band, 'the phase displacement in verinue componuate of ths oirs
oult lavolved must be reduced as far as poselble. ; :

) Io the leyout of the present-day modulation aystem, the submodulation
trensformer 1a the basic eource of large phase displacements at high fragquon~-
oles. Conaldoriog the simplified equivalent circuit >f the transformsr and Yak-
1ng iuto socount the leaksage {ndpctance and load oapacitance, it might be ex-
peoted that the submodulator would give a reversa phase of 180 dsgrees. In fact,
however, dus to the sharply defined offects of resooance peeke ip the traps-
formsr, the yesultant phase dieplacensnt at.aigh freguencies is oonsiderably in
excens of this amvunt. A connidercble improvement in the phase sharacteristics
of the subaodulation iranaforuwer can bo achieved by the direot coupling of the
primary and eecondary windings i ths bigh-froqueecy zome. For this purpose.
the primery epd secondary vinlings are conuscted throngh an impedense vwhich of-
fers a vory high rosistance at mediua and lov freguencies, cxd a correspondingly
low resiastance at high freguencles. This impedance can of course, bev put in
series with the combiaed sapacity O, and resistance r, (¥1gure 5).

1f the required symmstry of windings is ensured (1.0., tho condition vhers
the connected ende. have vhe sams potential with referescs to the earth), the
{1niting phase displacement whioh tha ‘subkodulation Lrapsformer osn glve Is 9O -
tagreee. (1n cawes whers the suds arc ornes connscted it may reach 180 degrees).

However, this layout dcas permlt the use of a wall-known phase -ompessation
offact £or the submodulator at certalu froguencies. An squivalsnt oirouit for
sne arm of the submodulator under conditions Aensribad @Sove oan be seen in
Figurec 6a and 6b. The folloving symbole are ueed: R :

R+ i8 the intarual reeistacce of the gobmxduletor tubes,

2, iu the mutual impedance between the vracuoiraerts primasy and secondary
.. windings,

Zp te the load impedands tn the secondary winding.

Kiroahoff's equatisn fur this layout is
E =" (Ri+ iwL,) =i toM-d (wa, -iw/"’),
0=-i¢ w/‘l#il(l-&ﬂw[&)“i_’ (iwL*'te)M),
0=-i,,(cw[, 'f'UJM)‘ia_(iwL.,_‘in)hS(Z,,'l'('O)L/-f-i Ll‘luw/"’i)
-5 -
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RESTRAGRER:, J—

in addiiden, we calculoto the voltage at the oubtput E 15ty £ 3 Whe
. fuld Sealige dnduelunes pertedning to the transfomnents opimoyy winddne o

2] -~ M ;4 e . .
L“ L, T the coefTicient of tmnsi‘ormtiog N '\/‘:__‘II

'In & zone of cufficiently high audlo froquencies, vhere the imped- .
enee 5 is of the aamo order os the leakepe impedance, the raties &tk
ad 2, cen be disregarded since ihey are quantitios of anotlor order.

!’
Thus, efter a number of modificatiorsws got aa oquation for the

subpodulater 's_frequency characteristic
‘ E.: _'Zo‘l’i.g{é;,h . X - (6)
;"g’ ﬁ:(t-n)’"‘rl,fﬁin*_zid_iwL“n"(-r z,t RC)
' ZL Z‘\

This expression 1o not trus for medium ond low froguencies dn the
aufio spectrum. For frequencies not excoeding 30 ~ 40 ke, ths influsnce
of the modulator's full. dnpus. carseity cen be disvegerded, end it may be ‘
considered that the load in the suvisodulation transformeris secondary Dy
winding 45 produscd for thn mast part Wy the capseityeresistance anti- SR

dynatronic shunt forred by the capucity Cc, and the rosistance ry o
‘eving established in formils (6) the values Z, =%t ;—,;le ond

2¢‘75 + T:LLC.. , wus got the foliuwing exprossion fgr tho frequency chavacterist:’
£y = T Rl ”&fif‘c.n v earl
LA N A T (P X G- ) P
. +‘.c,rk(;:+g_:_ -It(,u"'l,,,,cx) - . .
tiwl,r, [:_;+%0,nx%)*&(,_n):.__wal_ncaha(” ;;_ - %)]
A8 a bagip for this oquution, a fenmily of rreqﬁencybumn‘utude and

" fye-nenoy-phasa chavécterietics wero worked out for the following co-Tes-
ponding perametora: . .

.§£=I-S; N «/‘EL =0.45; =03y,

st

Yo 3T e 1 08 wade .o T T Ca

The calculstion vae made for different ratios Ta r;fﬂ .
The curves in Figare 7 were obtained, Tho values of the relevent
paramsters 1ic within the linits of quantities nosmelly found in practical
wa. In particvlar, thoy selixiy a cubmodulabor willh Uho Pslloving datse

Ri=315Q; Ly, zo0rsvH; n=asos2;C,= 0054 F-

In thiz case, w\/[_)‘C‘:} corresponds to the highest frcquercy .
in the awiio xange fwax 3 /0K .

The frequency-swplitude and frequency-phace sharacteristizs of a
similsr sutmodnlstor without phase compensation is chown by the dotted
curves in Figure 7. Thooe curves only show tho gemeral tendency off the
contimmed scowmlation of phase displasemont with incromse of frequenuy.

In fect, the revursal of phase takes place considersbly more rapidly om
sccouns of resonance peaks. Curves 2 and 4 show that in the layout

6w
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describod nbove, $he phess engle increascs for frequencies of up to 2w
14 ke, afbor vinich 3t ernduslly decreases. If tho gories resletance )
48 Yodiced (Crives 3 and 5), tho vluboutilhws Cull 2uGuGy o CobipGalm bl T
phase angle in frequemcy bands above 20 ke; tho nogative phose displace-
ment st froquencies of 14 - 15 ke 1o sorevhat Incronged, Wasn a phase-
cémpensating syoten is imbroducod, the submedulatoris vesultandt Sreqnency-
anplitude characteristic it very satisfactory. Frequency distortion not
exoesding 2 decibela {ourves 2. 3 and 4) can bo obtaimed at the nignest
frequemcies in tho andic spocirum, whereas et freguenciss of 22 - 30

. ke a considerable restricting offsch mey wesulb.

ITI. SUBNGDULATOR OPERATION IN THE VARIABLE DISFLACEVENT SYSTE!

. Until rocently, the Cluse 4. system vac generelly eccepted for the
operation of aubtmodulator tubed. -The pover deficiencien of thie system
axe wall known, and its use in the submoduletor noticeably roduces the
overall efficiancy of the rhetion. Anothor disadvantage of the Claso A
systen is tho imposaibility of making good uze of power tubee owing to

" the comsurption.cnd digsipation,” ot their piates, of an emount of potier
enoseding the meximun permissible quentity. Hovertheless, this 1s
particularly necessary for sumcdulators in high-level modulation systoms
where the modulator grid current impulses arc very large. The above-
mentioned dissdventages also 1imit tho redustion of direet curromt in the
modulater dubes inasmuch as’ they wonld require an iscrease in excilation,
i.e., o further incrsase in the number of submodulator {ubes. C

For ‘thess rossons, it was osseatisl to transfor the submsdulator $o ...
a system thich would permit tho wldo use of lis pouer tubes with a Jon .
pover conaummption at wero modulatfon. Ome of the possible solutions for
th'.a_,m'oblm xas tho usy .of the so-called "variable displscement? syatom
L 5.7, tho espence of shich 1s thet $he cperating point in the dynamic
charactoristic of & tube is changed i» socordance with ths signal lnvel,
80 that at o moximwm walue of the aignel, tho operating point is iocated
alodyz the lizear section, and at% zero modulation, in proxinmity to the
lower band of the curve. ! :
fiith such d system, the average power consunplibon by tho sdmodwlabor
4o gubgtantially rodwed. The positdon of the oparating point correspondiag
to the maximup modulation lavol wan bo sslected much higher up thon vhon
using Class A, because in this caze only thot rart of the powor which
the submcdulotor 1s dissipeted et the plate. 1€ thore should
e o protractsd maximem modulation end the naxims: signal lewel 1&
y- G0 even widsr use of power tubos 1s posaible, It should be
thnt 4n this cdse tho submodulator works continuously in Class 3,
m.':. its intermal resistance, as a source of eloctromotive fores, doea
not tnorensa. -

* Yhe adjustrent of the operatinmg point on the characteristic of the
tube is achioved by means of introducing a supplomentary displacement,
proportionsl 4o the amplituds of the sisrel, into the submodnlator's .
orerating cireuit., With this aim in viow, s epecinl dstector 3:197 ghould
be irtroduced duts the circuld, similor to thet used in the modulstdon of
ar M7 osedllator with varieble carrior cignole. Timo~constent requivemants
for an increase cf volteze in the supplementary displscement end for ite pule
astiono could, hovever, bs considerobly casier. Indeod, when the systen is
reculated by & push=pull Ciacs A amplifier, voltege pulsations in the
sup; lemeatary displecement are fed in pbess into the grid cireuit £ both
ar.1s, and thus can only proauce dipturilon vhen thero is a conpidorable
amount of esynmotry in ths amplificr. The time teken *o inureass the
supplementary displscenant when there is a sherp 3norease in signal lovel
15 anly the $ime taken to change ovor the amplifier from the Clase B
aysten (in whick it rapid)y gains §ts mew lovel) to the {lass L systex.

-
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For submodulators in high-level modulation systemz. the rcquired supples
- msntery change in displacement may reach 8 sizeshle emount (300 ~ 500 ¥).
"In ‘cslculating this amount, the crop in voltege ai e plate’ limliing resisi.
ano® of the modulator tubes should be tsken into asccount. In this cese,
the eignal voltage should be supplied to the detector by means of e epecisl
separating series amplifier (Figure 8). The grid voltage of this ampl.fier
can bs supplied by mesns of a voltage divider frem any preceding stage of
audio amplification (including the grid circuit of the submodulator itaelf,
see Figure 8). . x

: The load resistancc K of the detector can be much greater than the
internsl resistance of the tube, and thersfore the voltege smplitude ot &
position helfway along the sscondary winding of the transformer T is in
practice equel tc the value of the supplementary displacement {Pigure 8).
In this case, the trenaformer is loaded by a resistence equal to 2R. ' The

. supplementary displacement voltage is supplied to the submodulator tube
grid through a unique filter. ' The seriss element nf this filter is the
grid leak-res{stancs R of the submoduletor, and the .shrnt elesmant is the
blocking capacity C 1& seriss with the internal resistanve Ri of the tubes
of the preceding atﬁge; the resistsnce Ry is in paraliel witli the plate
load R, of this stage. Thus, the time constant for the increase of supple-
f.sntexry displacemsat, even in ihe abseuce of caparity &b the gdsisclsr out-~
put, cannct be made less than the amount,

. ﬂ.’ﬂo. ~
C;(R} + '?{};Ma) = C; ﬁf 5

* which may rqac‘h' 100 or ‘more milliseconds. This however ‘does not impair vhe
operaticn of the system. '

Experimental verificaticn sonfirmed this principle. leasurement of
distertion with sinusoidal tone modulation showsd that in practice. when
reducing the direct current siz Lo vight times, the varlabla displucement
system doas not give an increase in the nonlinear coefficient in compavison
with the normsl Class A system.  Ozcillograms of the input and output vol-
tsges of the modulaticn srsiaw (Figare 9}, taken whan supplylng s weun.liv
controlled [fnhnrn:pte_cﬂ tonal zignal, shovad the complets. abseure ¢f »uy

- sort of additional nornstutic effeqts goverr2g by ihe. 4ims (wnztant of tae”
inorease in eupplementary displacement {the Cinal reading mas C.02 sac;.
lastly, a lengthy sxperdment on the operstion of a high~level modulator in .
a varisble-displacement eysiem showad that “he serfrvatnce of this eyiten
is completsly »2liable and natisfastery for the tubes, and allows & aub~ '
stantial economy in powsr, :

Dissdvantages 3n the system include the additional requirements in
connsction with the slternatiig-current power supply frum the rectifier
to the filter of the submodulator's plate fesd (if it has a separats filter)
and the necessity for the inclusion of ‘a fixed grid-biss voltage tap.
However, thess requiremenis must siso be satisfied in the other system with
a Class B modulstor. This latter system has in adGiticn many other defects as
for example: an incresse iu Lhe modulator tube’s squivalent 4internal resiscasnce
and consequently an increase in distortion governed by the tube load; the
sppearance of additionsl distortion at high frequencies, produces by non~-
static effects in ~hie place circuit; ihe nevessity for ' creasing the excite-’
tion amplitude for the submodulatar, etc.

IV. SISTRE GF SOELININARY SPAGE AWPLIVICATION
A special festure of a preliminarystage amplification system with feed-
‘ a )
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back, already described in our work [_TJ, ig the necessiiy of having a supple~
‘mentary supply in the sisges for undistorted amplification. This requirement
is oaused by the possibility of overloading thess stsgss with in-phase com-
‘ponents of even harmonice contained in the feedback voltage at both high and
low freuencies. In the latter case, the appearance of even hsrmonic vol-
tage in the reverse~fesd circuit is caused by the filter iupedsncees in the
rmodulstors plate supply.

In addition, Lhe nonlinear character of the submodulstor's load pro-
duced by the modulator tubes' grid’curreat causes & characteristic dis-
tortion in the shape of the output signsl. The feedback compensates for this
distortion by supplying to the stages a preliminary amplification which
corresponds to the compenssting impulse; the excitation curve for theae

_ stages is Jerived, for deep modulation, from this exiended and pesked form
- (Figure 10). A csse occurred in practice, wherse the ratlo of the peak ex-
ecitation value at 100 persent modulation to the ccrresponding velue at 50
percent modulstion was 3:1. Uhers a preliminery amplification stage failed
to ensure undlsturbed s'zp..i!icatio-x of the sherply pesked excitation ct rva,’
tne non.unoar 016'&0!“101’! srarp.l.y mcrensea, and 'a furiner. increass in muu-
. lation level cannot usually be obisined,

The imposeiliilily of caleulating this peak emitat.ion vulua ba'crehano
with sufficlent scourscy mede it necssesry to dssign preliminsry stages with
a supylementsvy reed for amplification. Wnen onnstructiag the reaistence cir-
cuit of thess atages, the good nze of voltage amplifier tuben necess! tated an
tooreass of the plate sapply soltage. If thls 1o undosirable, the layout
shown in Figure 1l will be extremoly uscful. Ths wmeximum phase displacomast.
which it gives at lov frequencies is determined by ks expression .

Py = a.r:.c? \[ *a.rc-t‘,]/

Whers ?":\P\L*ﬁ- )/!\ )T&= 5|H!.
. '\uf(-..‘ ﬁ_,\‘ o R,f ﬁ& :

(Q.g., when. _’z_%’_s_’-_.:g : ':' : /  , ws got CPM,, ")

. Thus, a ronsidmunle increaszs of veltage ot tie ¢t~ plates is in praclice
obtained in the abeorre of suppluwsadery-chese reveiaanl, Dy using this circuit
in ‘one of the stagee i:; a high-level moculation system, thc limits or unais-
torted amplification were extendsd by 60 -~ 70 pesrcent.

i’., THE IHFLUENCE OF FEEDBACK IN ’i“‘ti'z'. MODULIATION SYSTLA ON “InE
‘ BACKGROUND OF A MCDTATED OSCILLAT0R ‘

In zornlusion, the. resdex's attention 1c drewn to the intluénce of faed~
tack in ihe modulation system on the backgrounc cireates by tho oscillator tube&’
supply sourcey. -

Owing to the féct that the feedback is mally produced fx’on: the primary °
eircuit of the modulation tranntarmer, it wes econsidered until ru'sn‘ly that it

- 9 -
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" was nob involved in the parasiiic meduintion setup by ihe mouiilated oscillaterie
supply scurces. (This remsrk does not epply to certain lavouts in new trans-
witters where there is o supplementary seleclive feedback for the suppression of

. the inost outstanding background components.) This theory is, however, not en-

. tirely true, inasmuch 2s it is evident ihat the modulation level of this para-

sitic modulation cf fefly depends on the size of the equivalent resistrnce of the

modulator tubes in relation to the secondary circuit. fThe latter, ss is known,

is in its turn determined by the fsedback level, .

s : Figure 12 shors an egulvalent circuit which permits the evalustion of the
e osclllator's perasitic modulstion set up by voltasge ripples in the plate supply.
: i Besides the main I-iLype filter ¢ the layout includes a sccond filtering
unit, formed by the inductance of modulator choke coil L end the oscillator’s
equivalent reeistance, The oscillator!s resistance is in parallel with the
civenit formed by C,3 (modulator's blocking capacity) and R" ' {equivalent
internal resistance of modulator tuhes in relation to the 548, o'\dnry circuit)
in series. Usually, the capagitive reactance of Cpj; is mich lass than RMim at
ripple frequencies of S?o ; in the cbsence of feedbark, or with a desp feedback
of ovie order _/_'E.L_c] or less, Rtim is much greater than R,. Thus, the presence
of deep feedback may incresse the filtration of the becond Unit two or three

timss (because 5: L >7R/ . ’ C 5

EPON o - However, csleculations skow that this 1z only true when there is a very

i large rectifier pulsetion. With the usual six-phcge rectifier circuit and a -
normal filter (tnking norstatic processes, demodulation etc. into acwasnt) the
0 P s pulsstion at the cutput of the latter is not great and the svpplementary

. S filtrstion produced by the modulstor chcke tcll is more than sufficienti:

. Figure 13 showe o circudt which . lustrates the 1ni‘1uenoe of the . R
e : modulator's equivalent internal reuutanca en an oscillator's background, ursated
R by the AC supply to the filaments nr by the parssitic modulation of the excitation
iy ~voltege, It i evideat frum this circuit that for audio frequencies, the
. L oacillator plate circult impedance which reduces parssitic moduletion is tormed
o : <o by two perallel branchesa. the first, consisiing of the modulator choke coil .
~ an¢ the plate supply filter joined in series, has an exceedingly large recctive
" "resistence at background freguéncies. - The sacond is formed by the series
connection of Kitim t¢nd Cyj, and as wes shown earlier, its impsdance iy -eter—-

ained by the sizn of Ntin, Mo ok vamomdida e B sianmed oo At
SNty TF wad Sa anily S LBTEaSAUAT medulatisn fragusacies the jlats

circult resistance chiony depends on the size of FFim. Vnen it is small, i.,e.,’
when there is deep feedback, the background caused by the grid circuit or tha.
ocscillster Zilamsnt is much strongez- than vhen thers is no i‘eedoac}'.

It 48 particulesrly important to bear thesg remarks ia mind during the
practical snalysic cf the causer of background in transmitters smploying plate
medulation. An ‘nvestigation of the bsckground produced by the oscillstor was-
carried cul by extirguishing o1 excluding the modulator tubes and including a

- Lol © resistance, equsl %c the equivalent inte-nal resistsnce of thesc tubes at zerc
2 : - modulation, in marsilel with the modulation transformer. ' This was verifiec:
t] ' R during regulating wcrk on ithe high-level trensmitter. '

s ‘ i We will examine briefly the effect of the modulstor and foedback tubes’ .
- R . : 'internal rosistances’ on ihe ncrlineer distortions ‘in trensmitters at low audio ™+
o . ) . frequencies, As s result of the meodulalor working in the Clasy 8 aystem,
. R sipeatly even hsrmonic voltagss of low modulstion freguencies are f{ormed in
‘ S : the iiltar of the plata sapply (ustually common to modsrator snd oscillator).
These vcltazes, viich in grectice reach 10 - 15 perceat ol the rociifisd vol-
" tage modulate the oscillawer, &nd the tronumitter's nonlinear coefficient at
low frequencies would therefcere sttain &t least the ssme quantity. However, :
owing to the presencys, nentioned above, of the supplemeatary filtering umit
Al PByCyy and A”s ) the mantity of even hermonic vcltage actuslly
resching the oscilintor plste is several times smeller.  This ‘s true even

10 -
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for very high-level tranamitters whoss modulation choke coils have a correspond-
ingly amsll inductence, MNeturally the presence of a fasdback in the modulation
_system considerably increases filtration of ihese hsrmonics.
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Figors'8 - _ Submodulator '

WA

Lour

" (a) Ccass A, dirsct currant. 70 oA, mdulation frequency 200 cyclea

(t) Variabls displacement system, direct current 12 mA, medulation
‘fresquency 200 cycles

(3)  Variable -Usplacement system, direct current 6 mA, modulation
frequaney 200 cycles - » .
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